RNA interference was discovered, 1, 2) in the latter part of the 20th century. This discovery revealed a promising technique that could be used in functional analyses of endogenous genes, and for curing intractable genetic diseases by the sequence-specific cleavage of mRNA. [3] [4] [5] Cancer vaccinations represent one of the potentially useful applications for the clinical use of short interference RNA (siRNA). The control of dendritic cell (DC) functions, a powerful antigen presenting cell, by siRNA is especially noteworthy. The suppressor of cytokine signaling 1 (SOCS1) and A20 are useful target genes in DC. SOCS1 is a negative-feedback regulator of the responses of immune cells to cytokines.
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6) The suppression of SOCS1 gene expression in DCs using a lentiviral vector has been shown to enhance their immunostimulatory capacity and to result in an enhanced antiviral and antitumor response. 7, 8) In addition, A20 is a zinc-finger ubiquitin-modifying enzyme and inhibits several key proinflammatory signal transduction pathways of the tumor necrosis factor (TNF) receptor, the toll-like receptor (TLR) and the retinoic acid-inducible gene I (RIG-I) in a feedback manner. 9, 10) In an A20 gene knockdown study using the lentiviral vector, A20 negatively regulated DC maturation and cytokine production, and the A20-silenced DC enhanced antigen-specific T cell responses and antitumor activity ex vivo.
11) Therefore, SOCS-1 or A20-silenced DCs appear to have potential for application to DC therapy for cancer. However, viral vectors may have unexpected and serious adverse effects. 12) Thus, non-viral delivery systems are essential for successful clinical applications of siRNA.
In a previous study, we reported on the successful silencing of SOCS1 in mouse bone marrow derived DCs (BMDCs). The procedure involved the use of a multifunctional envelope-type nano device (MEND), and the SOCS1-silenced BMDCs induced antitumor effects. 13) We originally developed the MEND as a non-viral vector, and the MEND is possible to assemble several devices and molecules into a single nano-size structure by controlling their topologies and three-dimensional assignments. 14, 15) The siRNA-loaded MEND was prepared by mixing an siRNA/stearylated octaarginine (siRNA/STR-R8) complex and small unilamellar vesicles (SUVs).
13) The lipid membranes of the siRNA-loaded MEND were modified with R8 and GALA. R8 is a type of cell-penetrating peptide and promotes the cellular uptake of the MEND, and GALA is a pH-sensitive fusogenic peptide that allows endosomal escape. [16] [17] [18] [19] In this study, we selected A20 as a target of siRNA. A20-silenced DC would be expected to have wide applications compared to SOCS1-silenced DC, because the knockdown of A20 results in enhanced adjuvant effects by stimulation with several TLR ligands. 20) The A20-silenced BMDC by the lentiviral vector enhanced the production of cytokines after stimulation by a lipopolysaccharide (LPS), a TLR4 ligand, suggesting that TLR4 signaling is promoted by the knockdown of A20.
11) TLR4 recognizes components derived from bacteria such as LPS, and signaling via TLR4 promotes the production of cytokines and the activation of immune cells. In contrast with studies using viral-vectors, information regarding the use of A20-silenced DC by a non-viral vector, a particularly original vector, is very limited. 21 ) Therefore, we investigated the knockdown efficiency of A20 by an siRNAloaded MEND in BMDC and the enhancement by LPS stimulation in A20-silenced BMDC. siRNA-Loaded MEND The MEND was prepared by mixing SUVs with a suspension of siRNA/STR-R8. To prepare the SUVs, lipid films containing DOPE and PA at a ratio of 7 : 2 (total lipid content: 0.55 mmol) and 5.5 nmol Chol-GALA (1 mol%) were hydrated with 1 ml of water for 10 min at room temperature. The hydrated lipid film was then sonicated using a probe-type sonicator, and the siRNA/STR-R8 complex (2.46 nM siRNA) was then mixed with the SUVs at a ratio of 1 : 2 (v/v). Finally, the surface of the MENDs was modified by adding a STR-R8 solution (10 mol% of total lipid), followed by incubation for 30 min.
MATERIALS AND METHODS

Materials
Preparation of BMDCs of Mice BMDCs were prepared as reported previously. 22) In a typical preparation, bone marrow cells were cultured for 4 h in RPMI1640 medium containing 50 mM 2-mercaptoethanol, 10 mM 4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid (HEPES), 1 mM sodium pyruvate, 100 U/ml penicillin-streptomycin, and 10% fetal calf serum. Non-adherent cells were harvested and cultured in the same medium supplemented with 10 ng/ml GM-CSF (R&D Systems, Basel, Switzerland). On days 2 and 4, nonadherent cells were removed, and adherent cells were cultured in fresh medium containing 10 ng/ml GM-CSF. On day 6, non-adherent and loosely adherent cells were used as immature BMDCs. The cell surface expression of CD11c in more than 85% of the cell population was confirmed by flow activated cell sorting (FACS) analysis.
Evaluation of Gene Knockdown Activity of the MEND in BMDCs To evaluate the silencing effect against A20, BMDCs (1.2ϫ10 6 cells) were incubated with the MEND loaded with 20 pmol or 40 pmol siRNA for 2 h at 37°C in 0.5 ml of serum-free OPTI-MEM I containing 10 ng/ml GM-CSF in a 12-well plate. Then, 1 ml of RPMI1640 medium containing GM-CSF was added to the cells. After 4 h, LPS was added to the cells at the concentration of 100 ng/ml, followed by a further incubation for 24 h.
After the incubation, BMDCs were collected and isolated using a RNeasy Mini Kit (QIAGEN, Hilden, Germany) according the manufacturer's instructions. To eliminate DNA contamination, the total RNA was treated with DNase I. Five hundred nanograms of total RNA for each sample was reverse transcribed using a PrimeScript reverse transcription (RT) reagent Kit (Takara Bio Inc., Shiga, Japan) with oligodT primer. Quantitative polymerase chain reaction (PCR) was carried out on a 7500 RealTime PCR System (Applied Biosystems, Carsbad, CA, U.S.A.) in 25 ml aliquots of reaction mixtures containing cDNA, appropriate pairs of primers and SYBR Green Realtime PCR Master Mix (TOYOBO Co., Osaka, Japan). A20 level was calculated by the comparative C T method using glyceraldehyde-3-phosphate dehydrogenase (GAPDH) as endogenous housekeeping genes, respectively. The following primer pairs were used: GAPDH: 5Ј-AAC-TTTGGCATTGTGGAAGG-3Ј (forward); 5Ј-GTCTTCTGG-GTGGCAGTGAT-3Ј (reverse); A20: 5Ј-TGCGGAAAG-CTGTGAAGATA-3Ј (forward); 5Ј-TCTGAACATCTCCAG-CGTGT-3Ј (reverse).
Analysis of Cell Toxicity BMDCs (6ϫ10 5 cells) were incubated with the MEND loading 20 pmol or 40 pmol siRNA for 2 h at 37°C in 0.25 ml of serum-free OPTI-MEM I containing 10 ng/ml GM-CSF in 24-well plate. Then, 0.5 ml of RPMI1640 medium containing GM-CSF was added to the cells. After 2 h, WST-1 was added and the cells were incubated for a further 2.5 h. Cell toxicity was evaluated by measuring the absorbance at 450 nm.
Quantification of Cytokine Production from BMDCs BMDCs (1.2ϫ10 6 cells) were incubated with MEND loading 20 pmol or 40 pmol siRNA for 2 h at 37°C in 0.5 ml of serum-free OPTI-MEM I containing 10 ng/ml GM-CSF in a 12-well plate. Then, 1 ml of RPMI1640 medium containing GM-CSF was added to the cells. After 4 h, LPS was added to the cells at a concentration of 100 ng/ml, and the cells were incubated for a further 24 h. The concentrations of TNF-a in the culture supernatant were then measured by Quantikine (R&D Systems, Basel, Switzerland).
Analysis of the Expression of Surface Molecules on BMDCs BMDCs (1.2ϫ10
6 cells) were incubated with the MEND loaded with 40 pmol siRNA for 2 h at 37°C in 0.5 ml of serum-free OPTI-MEM I containing 10 ng/ml GM-CSF in a 12-well plate. Then, 1 ml of RPMI1640 medium containing GM-CSF was added to the cells. After 4 h, LPS was added to the cells at a concentration of 1 ng/ml, and the cells were incubated for a further 24 h. The BMDCs (5ϫ10 5 cells) were incubated with 5 mg/ml mouse IgG1k at 4°C for 30 min. After washing three times with FACS buffer (PBS containing 0.5% BSA and 0.1% NaN 3 ), 5 mg/ml antibodies of FITC labeled anti-mouse CD80, CD86 and each isotype control were added to the BMDCs. The BMDCs were then incubated at 4°C for 30 min. After washing three times with FACS buffer, the BMDCs were analyzed by FACSCalibur (Beckton Dickinson, Franklin Lakes, NJ, U.S.A.).
Statistical Analysis Pair-wise comparisons between treatments were made using a two-tail Paired t-test. Comparisons between multiple treatments were made by one-way analysis of variance, followed by the Scheffe's F-test. A p value of Ͻ0.05 was considered to be a significant difference.
RESULTS AND DISCUSSION
We prepared an A20 siRNA loaded MEND and a control siRNA loaded MEND. The diameter and zeta-potential of the A20 siRNA loaded MEND were 128Ϯ10 nm and 31Ϯ2 mV, respectively. The diameter and zeta-potential of the control siRNA loaded MEND were also 147Ϯ8 nm and 31Ϯ4 mV, respectively. We first evaluated the A20 gene knockdown activity of the MEND in BMDC (Fig. 1a) . BMDCs were treated with the A20 siRNA loaded MEND and the control siRNA loaded MEND, and were stimulated with LPS. Thirty hours after this treatment, mRNA of the BMDCs was determined by a quantitative RT-PCR assay. The MEND showed an A20 gene knockdown effects at concentrations of 40 nM and 80 nM. At a concentration of 80 nM, the A20 siRNA loaded MEND showed a significant inhibition of A20 mRNA levels compared to the non-transfected BMDC and the control siRNA. The A20 gene knockdown effect at a concentration of 80 nM was approximately 40%.
In general, primary cells such as DCs are weak against transfection, in comparison with other cell lines. It was also necessary to confirm whether the A20 knockdown effect by the MEND was caused by cell toxicity. To address this, we investigated the toxicity of the MEND against BMDC 2 h after transfection (Fig. 1b) . Although the toxicity of the MEND was examined 30 h after transfection, no cell toxicities were observed (data not shown). During the initial 2 h period, the BMDCs are incubated with the MEND in serumfree medium. Although cell damages by cationic interactions with the cell membrane are generally decreased when serum is present in the medium, cationic interactions frequently cause cell damage in serum-free media. In addition the possibility that BMDCs could have recovered from the damage 30 h after transfection cannot be excluded. Therefore, we chose 2 h after transfection as a reasonable time to evaluate cell toxicity. As a result, no toxicity was detected at concentrations of 40 nM and 80 nM. It thus appears that the A20 knockdown effect by MEND was not caused by cell toxicity. A concentration of 80 nM was used in all of the following experiments.
A20 functions as a negative regulator of TLR signaling in BMDC. A20 abrogates TLR4-mediated nuclear factor-kB (NF-kB) activation by de-ubiquitinating TNFR-associated factor 6 (TRAF6). 23, 24) We next examined the production of TNF-a by LPS, a TLR4 ligand and stimulation in A20-silenced BMDC (Fig. 2) . BMDCs were treated with the A20 siRNA loaded MEND and the control siRNA loaded MEND, and were stimulated with LPS. At 30 h after the MEND treatment, the concentrations of TNF-a in the culture supernatant were measured by enzyme-linked immunosorbent assay (ELISA). The results showed that the knockdown of the A20 gene in BMDC by the MEND resulted in an enhancement in TNF-a production. TNF-a production by A20-silenced BMDC at a concentration of 80 nM was significantly higher than that of the control BMDC. TNF-a is produced by NFkB activation in TLR4 signaling. 25) Therefore, these findings suggest that TLR signaling by LPS stimulation is promoted by the knockdown of the A20 gene by the MEND.
We analyzed the surface expression of various molecules related to antigen presentation by means of flow cytometric assays, because A20 regulates DC maturation.
11) Transfected BMDCs were stimulated with LPS, stained with an antibody and then analyzed by flow cytometer (Fig. 3) . In the case of the analysis of mean fluorescence intensity, A20-silenced BMDC showed significantly higher levels of CD80 and CD86 than the control BMDC (Fig. 3a) . On the other hand, in the case of the analysis of the percentage of positive cells, no significant differences between the A20-silenced BMDC and the control BMDC were found (Fig. 3b) . These results suggest that the knockdown of A20 mainly promoted the amount of expression of CD80 and CD86 in natural BMDCs. These co-stimulatory molecules, such as CD80 and CD86, enhance interactions with T cells, antigen presentation and T cell activation, and result in the promotion of immune responses. These findings suggest that A20-silenced BMDC by a MEND may enhance the effects of dendritic cell therapy.
We succeeded in silencing A20 of BMDCs using an siRNA-loaded MEND. In the A20-silenced BMDCs, cytokine production and maturation were enhanced compared to control BMDCs. The regulation of TLR signaling by A20 is related to the activity of the adjuvant used, and the knockdown of A20 showed a stronger enhancement of immune responses than was observed for SOCS1.
11) Therefore, A20-silenced DC would be much preferred SOCS1-silenced DC. Finally, these findings show that MENDs have the potential to serve as a potent nonviral vector for A20 gene knockdown in DC immunotherapy.
